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ABSTRACT

Biological processes like species interactions and patterns such as abundance and
distribution observed in nature can vary depending on the scale at which the subject of interest is
evaluated. Knowing that there is no single natural scale at which systems should be studied, in
this thesis, I conducted a series of basic and applied ecological approaches in order to examine
the phenomena that can occur at different scales of space, time, and ecological organization.
Species abundances can vary over large spatial and temporal scales. By studying the
habitat use of an abundant species, which uses a wide range of habitats, insights can be gained
into how seascape-scales might influence population-level patterns. Similarly, temporal scales
might affect the dynamics of species that have complex life cycles where migration is involved.
Therefore, in the first study I used an eight-year dataset to conduct a population-level study at
broader time- and seascape- scales of an abundant species in Tampa Bay, Florida. The goal of
this study was to provide the first in-depth study on the habitat use of Pinfish on the eastern Gulf
of Mexico and to provide insights on how seascape-scales can influence their abundance and
distribution.
Predator-prey interactions can be influenced by habitat at different spatial scales. In
seagrass systems, blade density can provide prey refugia at local scales, which are further
embedded within the seascape-scale effect of turbidity. In the second study, I used a combination
of in situ field experiments and laboratory-controlled experiments to examine and separate the
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effects of habitat across these local and seascape scales on the relative predation rates of tethered
Pinfish (Lagodon rhomboides).
The broad-scale analyses indicated that population-level differences, such as abundance
patterns and distribution can be influenced by temporal and spatial scales. Field- studies showed
that habitat can influence ecological interactions at local- and seascape- scales. Overall, this
research demonstrates the importance of using multiple spatial and temporal scale approaches
when studying ecology, especially of those organisms that move over large distances and have
complex life histories.
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CHAPTER ONE:
GENERAL INTRODUCTION

Biological processes like species interactions and patterns such as abundance and
distribution observed in nature can vary depending on the scale at which the subject of interest is
evaluated (Levin 1992, Pittman et al. 2011). Knowing that there is no single natural scale at
which systems should be studied, in this thesis, I conducted a series of basic and applied
ecological approaches in order to examine the phenomena that can occur at different scales of
space, time, and ecological organization. I used an eight-year dataset to conduct a populationlevel study at broader time- and seascape- scales of an abundant species in Tampa Bay, Florida.
Additionally, I used a combination of in situ field experiments and laboratory-controlled
experiments to test for local- and seascape-scale effects of habitats on predator-prey interactions.
Both of these studies besides assessing the important issue of scale in ecology also attempt to
explore the Tampa Bay estuary and its potential nursery habitats.
In Chapter 2, Spatio-temporal patterns in density, population-level growth, and biomass
of Pinfish (Lagodon rhomboides) in Tampa Bay, FL, USA, I conducted a comprehensive
retrospective analysis of eight years of fisheries-independent data in order to characterize spatial
and temporal patterns of Pinfish abundance and distribution within the seascape context of
Tampa Bay. Pinfish play an important role in the ecosystem due to their high abundance, their
role as predators and prey (Seaman & Collins 1983, Nelson 2002, Stallings 2010, Stallings et al.
2010, Stallings & Koenig 2011) as well as being contributors of community production,
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respiration, and consumption (Darcy 1985). However, Pinfish population has not been
adequately studied in Florida. The goal of this study was to provide the first in-depth study on
the habitat use of Pinfish on the eastern Gulf of Mexico and to provide insights on how seascapescales can influence their abundance and distribution. I obtained a dataset for this chapter from
the Fishery Independent Monitoring Program (FIMs) at Florida Fish and Wildlife Conservation
Commission, Fish and Wildlife Research Institute (FWRI). I conducted analyses on the dataset
in order to examine potential variations in Pinfish density, population-level growth, and biomass
at temporal scales (years and months) and across the Tampa Bay seascape. Additionally, I
investigated if there were any environmental variables (e.g., salinity) that could influence the
variation observed in Pinfish density using a multiple regression analysis. This chapter is a
subsection of a more extensive and on-going study, which will be published once all aspects are
completed.
In Chapter 3, Disentangling local- and seascape- scale effects of habitat on predatorprey interactions, I conducted a field experiment in order to examine and separate the effects of
habitat across the local-scale effect of seagrass complexity and the seascape-scale effect of
turbidity on the relative predation rates of tethered Pinfish. Previous studies have shown that
habitat complexity can affect mortality rates of benthic invertebrates (Stoner & Lewis 1985,
Wahle & Steneck 1991, Pirtle et al. 2012) and that turbidity can influence fish distributions
(Blaber & Blaber 1980, Cyrus & Blaber 1987a, 1987b, 1987c, 1992). Therefore, the goal of this
study was to examine if habitat complexity could influence predation rates of mobile organisms
such as fish and if a seascape of turbidity could also have an effect on their mortality. This
chapter is currently in review in Marine Ecology Progress Series (MEPS) journal.
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The common theme in these studies is that scale can influence the biological processes
that occur in the natural world. The broad-scale analyses indicated that population-level
differences, such as abundance patterns and distribution can be influenced by temporal and
spatial scales. Field- studies showed that habitat can influence ecological interactions at localand seascape- scales. Overall, this research demonstrates the importance of using multiple spatial
and temporal scale approaches when studying ecology, especially of those organisms that move
over large distances and have complex life histories. Only then, can ecologists attempt to get a
more accurate snapshot of the real world.
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CHAPTER TWO:
SPATIO-TEMPORAL PATTERNS IN DENSITY, POPULATION-LEVEL GROWTH,
AND BIOMASS OF PINFISH (LADODON RHOMBOIDES) IN TAMPA BAY, FL, USA

ABSTRACT
Species abundances can vary over large spatial and temporal scales. By studying the
habitat use of an abundant species, which uses a wide range of habitats, insights be can gained
into how seascape-scales might influence population-level patterns. Similarly, temporal scales
might affect the dynamics of species that have complex life cycles where migration is involved.
Pinfish is an abundant species that play an important role as prey and predators as well as
contributors of community production, respiration and consumption. Previous population studies
on Pinfish (Lagodon rhomboides) are outdated or generally have focused on the east coast of The
United States or to the northeastern Gulf of Mexico. No studies have assessed more in-depth the
habitat use of Pinfish in the eastern Gulf of Mexico and the effects of seascape-level variation of
habitat on their abundance and growth. I conducted a comprehensive retrospective analysis of
eight years of fisheries-independent data in order to characterize spatial and temporal patterns of
Pinfish density, population-level growth, distribution, and biomass within Tampa Bay, Florida.
Four regions of Tampa Bay were selected for this analysis: Old Tampa Bay, Hillsborough Bay,
Middle Bay, and Lower Tampa Bay. A multiple regression analysis was conducted to explore
variables most important in explaining Pinfish density. Pinfish density peaked in March through
April and decreased in the fall. In general, Pinfish length was the lowest in the beginning months

5

of the year, increased through spring and summer, and decreased towards late fall and winter.
Density and biomass of Pinfish tended to be higher in the Middle and Lower Bay compared to
the innermost regions Old Tampa Bay and Hillsborough Bay. Variables that explained
significantly 23.5 % of the variation of Pinfish density were percent of submerged aquatic
vegetation, salinity, and the two regions of Tampa Bay closest to the mouth of the bay. This
study provided evidence that both spatial and temporal scales are important factors affecting
population dynamics of an ecologically important species.

INTRODUCTION
Population ecology deals with the dynamic of populations; in other words is the study of
factors that affect population and how population size and distribution change over time (Odum
1959, Turchin 2001). Therefore, to fully understand how a population’s size and age composition
may change, it is necessary to assess its dynamics over long periods of time involving multiple
years. Populations may not only change through time but may also change through space, thus an
appropriate method would incorporate a spatial scale component. Such method, called landscape
ecology, already exists in the study of terrestrial environments and offers a suitable approach for
studying spatial ecology. Landscape ecology concepts that were developed in research of
terrestrial ecosystems can tell us about ecological consequences of spatial heterogeneity and how
relationships between processes and patterns can vary with scale. Such concepts can be applied
to the study of submerged marine landscapes, termed seascape ecology, and the populations that
occupy these seascapes (Pittman et al. 2011). Using seascape approaches to study the dynamics
of an abundant species that uses a wide range of habitats may provide insights on how large
scales can influence population-level patterns and processes.
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The Pinfish, Lagodon rhomboides, is one of the most abundant and common inshore fish
of the Gulf of Mexico. They inhabit coastal waters from Massachusetts, USA down to Florida
through the Gulf of Mexico to the Yucatan Peninsula, Mexico (Hoese & Moore 1977, Darcy
1985, Nelson 2002, Harter & Heck 2006). Pinfish spawning typically takes place from late fall to
late spring and occurs offshore, although the exact timing and locations can vary geographically
(Darcy 1985). Larvae move into coastal estuaries during winter months with peak recruitment in
January through March (Warlen & Burke 1990). Once in the estuaries, the larvae and following
life stages use various benthic habitats including seagrass (Meyer et al. 1999, Paperno et al.
2001), oyster reefs (Wenner et al. 1996), and salt marshes (Hettler 1989, Meyer 2006).
Pinfish are an ecologically-important species for multiple reasons. They are the most
abundant vertebrate found in seagrass beds of the northeastern Gulf of Mexico (Stallings &
Koenig 2011, Nelson et al. 2013). Due to their abundance, Pinfish are prey to many piscivores
including both fishes and birds (Seaman & Collins 1983, Nelson 2002, Stallings 2010, Stallings
et al. 2010). Their high abundance also results in important contributions to community
production, respiration, and consumption (Darcy 1985). During their time in the estuary, juvenile
Pinfish can consume a range of benthic invertebrates, influencing entire assemblages of benthic
macrofauna (Young et al. 1976, Young & Young 1977, Nelson 1978, Stoner 1980, Nelson 2002)
before shifting to algae and plant matter (Stoner 1982). Their biomass accrued from inshorebased production is carried offshore during their egress from estuarine habitats, serving as a
nutrient subsidy for offshore food webs and creating an important link between primary and
secondary production (Stoner 1982, Weinstein et al. 1982, Seaman & Collins 1983, Nelson 2002,
Stallings 2010, Stallings et al. 2010, Nelson et al. 2013).
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Pinfish are also economically-important species. Many recreational and commercial
fishermen use Pinfish as bait and larger individuals can be marketed locally as panfish for human
consumption (Caldwell 1957, Darcy 1985). Additionally, Pinfish can be used for production of
high-grade oil and can be ground up to be used as fish meal.
Although their ecological and economical roles are well known, their spatio-temporal
abundance and distribution patterns in Florida have not been adequately studied. Most
population studies of Pinfish have been concentrated in the northern Gulf of Mexico (Hoese &
Moore 1977, Hellier 1962, Cameron 1969) and North Carolina (Hildebrand & Cable 1938,
Warlen & Burke 1990). The few Florida-based studies available are outdated and tend to be
limited to a couple of years of sampling (Caldwell 1957, Hansen 1970). These studies have
provided information on Pinfish growth and abundance across a limited number of locations.
Only one study, Nelson (2002) has been conducted in Tampa Bay and adjacent offshore waters
of the Gulf of Mexico. This study provided mortality and growth parameters of Pinfish inside
and outside the bay, but the distribution analysis focused on older individuals found offshore. No
previous study has quantified the habitat use of Pinfish in the eastern Gulf of Mexico over
periods exceeding four years and involving the effects of seascape-level variation in habitat on
their dynamics and demographics.
During their estuarine stage, Pinfish are observed across a wide range of habitats within a
seascape context, therefore, spatial and temporal scales will likely influence population-level
patterns. In this study, I conducted a retrospective analysis on a dataset (2005 – 2012) in order to
quantify spatio-temporal patterns in density and biomass of Pinfish in Tampa Bay, the largest
estuary in Florida. In addition, I quantified population-level growth across the estuary and
characterized the relative importance of various habitat characteristics in explaining the observed
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density patterns. These analyses will not only contribute to our general knowledge on the
population ecology of Pinfish, but will also provide one of the most detailed examinations of
habitat use and distribution by one of the most ecologically important fishes in the Gulf of
Mexico. Additionally, this study could help elucidate which factors of habitats are important in
influencing population-level patterns that could be useful in the management of other species
with similar life histories and the results obtained in this study could be extrapolated to other
areas where conservation decisions need to be done.

MATERIALS AND METHODS
Study site
Pinfish were sampled each month in the Tampa Bay estuary located on the central Gulf
coast of Florida, USA, between latitude 27°30’ and 28°00’ N. Sampling was conducted by the
Fishery Independent Monitoring Program (FIM) at Florida Fish and Wildlife Conservation
Commission, Fish and Wildlife Research Institute (FWRI) (unpublished data). Tampa Bay is
Florida’s largest open-water estuary (surface area, ~1000 km2, average depth < 5 m), which is
tidally mixed and connected to the Gulf of Mexico. Tampa Bay is characterized by having
shallow and extensive soft sediment flats, which are often covered with seagrass beds and
shorelines populated with mangroves or marsh grass (Winner et al. 2010).
Sampling design
Stratified random sampling (sampling strata defined by spatial zone and habitat type) was
conducted monthly in Tampa Bay from January 2005 to December 2012. The Tampa Bay
estuary was divided into five sampling zones based on geographic and logistical criteria. Each
zone was further subdivided into 1 nautical mile2 (nmi2) grids that were stratified by depth (e.g.,
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whether or not they were shallow or deep enough for specific sampling gear to be deployed) and
habitat (e.g., presence or absence of submerged aquatic vegetation). Prior to sampling each
month, grids within each zone were randomly selected for sampling, and sampling effort was
disproportionally weighted with more effort targeting sites that contained submerged aquatic
vegetation and less effort targeting sites where submerged vegetation was absent. Within each
grid, a 0.1 nmi x 0.1 nmi microgrid was then randomly selected as the starting point to search for
appropriate habitat. For full survey details, see McMichael (2009). Environmental variables
including salinity, water temperature, and the habitat descriptor of percent vegetation cover were
recorded for all sampled sites.
Sampled sites were sampled with a 21.3 m center-bag seine with 3.2 mm mesh netting. A
sampling event consisted of deploying the seine net along the bay shoreline and pulling it over a
distance of 9.1 m. The net width was 15.5 m between seine poles, resulting in a sampled area of
approximately 140 m2. In each sampling event all Pinfish were counted and a subsample of
randomly-selected individuals was measured for standard length in millimeters.
For analytical purposes, the estuary was subdivided into four regions designated as areas
of biological and hydrological homogeneity as well as hydrographic parameters such as salinity
and water chemistry (Lewis & Estevez 1988). Additionally, these regions also vary in their
distance to the mouth of the bay and therefore to the larval pool of Pinfish located offshore. The
Lower Bay (LB) is the southernmost region (and outer-most portion) followed by the Middle
Bay (MB), which is bounded to the north by (the two inner-most portions) Old Tampa Bay
(OTB) and Hillsborough Bay (HB) (Fig. 2.1).
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Data analysis
In order to examine spatio-temporal patterns in abundance of Pinfish, I converted catch
abundances to densities by dividing all fish collected in each sampling event by the total area
covered by the gear. I calculated density per sampling event and then averaged over: (1) years
(2) months and (3) regions. I explored regional patterns in density by conducting a nonparametric, permutation based, one-way analysis of variance (npANOVA) followed by pair-wise
comparisons of Pinfish density among the different regions of the bay. I produced a dissimilarity
matrix for the response variable (density) based on Euclidean distance using Fathom toolbox for
Matlab (Jones 2014). Level of significance for all tests was based on an alpha value of 0.05.
I conducted a multiple regression analysis in order to explore which environmental
variables were related to the observed variation in Pinfish density. I used a stepwise selection of
explanatory variables via forward addition based on Akaike Information Criteria (AIC) (Jones
2014). AIC estimates the Kullback-Leibler information loss by having a “lack-of-fit” term and a
penalty for the number of parameters. Then, an optimal subset of variables in terms of parsimony
is achieved by minimizing the AIC (Legendre & Legendre 1998, Anderson et al. 2000, Burnham
& Anderson 2001, Dray et al. 2006, Jones 2014). Explanatory variables included percent cover
of submerged aquatic vegetation (SAV), water temperature, salinity, SAV2, SAV-temperature
interaction term and Tampa Bay region was coded as a categorical variable. Density data were
fourth-root transformed prior to the analysis to improve the linear fit and to minimize
heteroscedasticity (Zar 1984).
I conducted a month-to-month comparison of median standard length to gain insights into
Pinfish growth rates. I did the comparison in each of the four regions of Tampa Bay in order to

11

explore potential differences in growth rates within the seascape. I also constructed a lengthfrequency distribution analysis for each of the regions to examine population-level growth.
In order to understand Pinfish contribution to Tampa Bay in terms of biomass, I
estimated mean biomass in each year and month to examine temporal patterns and in each region
to examine seascape patterns. I calculated Pinfish biomass through length-weight relationships
with the following formula:
W = a x Lb ,
where W is weight in grams, L is standard length in centimeters and a and b are length-weight
constants derived from a study on Pinfish conducted in Tampa Bay and Gulf of Mexico (Nelson
2002).

RESULTS
In total, 65,535 Pinfish from 1,491 seine-tows were collected from the four Tampa Bay
regions (Table 2.1). Pinfish density was the highest in the months of February through May,
peaking in March and April (Fig. 2.2A). Among years, the highest densities were observed in
2009 and 2010 (62 ± 34.4 fish/100 m2 and 74 ± 32.3 fish/100 m2, respectively) and the lowest
densities in 2005 and 2006 (8 ± 3.3 fish/100 m2 and 8 ± 3.7 fish/100 m2, respectively; Fig. 2.2B).
Pinfish density varied among Tampa Bay regions (F(3, 1,625) = 2.34, p = 0.044, Table 2.2, Fig.
2.3). The posteriori, permutation-based, pair-wise comparisons indicated that Pinfish densities in
Old Tampa Bay were not different from that in Hillsborough Bay (t = 0.87, p = 0.3930), Middle
Bay (t = 1.71, p = 0.0570) or Lower Bay (t = 1.85, p = 0.0610). Pinfish density in Hillsborough
Bay was lower than in both the Middle Bay (t = 1.73, p = 0.0120) and the Lower Bay (t = 2.53, p
= 0.0120).
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Variables selected by the multiple regression accounted for 23.5 % of the total variance
of pinfish density (F = 125.68, p = 0.001, 1000 permutations; Table 2.3, Fig. 2.4). The variables
retained by the analysis were: submerged aquatic vegetation, salinity, and the two regions of the
bay closest to the Gulf of Mexico (Middle Bay and Lower Bay). Higher Pinfish density was
correlated with high percent of submerged aquatic vegetation and salinity.
In general, in all four regions of Tampa Bay, median lengths of captured Pinfish were the
smallest and started to increase in January through April, increased rapidly from May through
August, and in September through December lengths leveled and then decreased during this time
period (Fig. 2.5). Distribution varied both spatially and temporally (Fig. 2.6):


January – April: High numbers of small length Pinfish were observed, mainly in
the Lower and Middle Bay regions. Pinfish in the Old Tampa Bay region were
observed from February through April and Pinfish in Hillsborough Bay
contributed relatively less during this period of time. Lengths increased during
this period of time.



May – August: Numbers of Pinfish decreased and lengths observed in the four
regions increased. Lower Bay and Middle Bay had higher numbers of Pinfish than
Old Tampa Bay and Hillsborough Bay.



September – December: Numbers of Pinfish decreased substantially while lengths
observed during this time period increased. By December two modes in length
were observed. One with relatively small lengths and one with larger lengths.
Lower Bay and Middle Bay had higher numbers of Pinfish compared to Old
Tampa Bay and Hillsborough Bay.
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Biomass peaked in the months of April through June and was the lowest during
November through February (Fig. 2.7). Pinfish biomass varied among regions in the Tampa Bay
estuary (Fig. 2.8). Biomass in Old Tampa Bay (114.7 ± 15.3 g of fish/100 m2) and Hillsborough
Bay (106.1 ± 37.3 g of fish/100 m2) tended to be lower than biomass in the Middle (148.2 ± 22.9
g of fish/100 m2) and Lower Bay (220.2 ± 25.4 g of fish/100 m).

DISCUSSION
This study is the first in quantifying the population-level patterns and habitat use of
Pinfish in the eastern Gulf of Mexico over periods exceeding four years and involving the effects
of seascape-level variation in habitat on their abundance and growth. In general my analysis
showed that Pinfish exhibit temporal and spatial variation in density, growth, and biomass across
the seascape of the Tampa Bay estuary.
Pinfish density varied temporally. Density of Pinfish was the highest in February through
May, peaking in March and April. This observed pattern of high densities in March through May
was possibly related to the high supply of larval Pinfish into the bay during settlement season.
Previous studies have found similar results in showing that settlement season of Pinfish peaks in
January through March (Tabb & Manning 1961, Darcy 1985). Pinfish density decreased through
summer, fall, and early winter. This observation was probably related to mortality and
emigration to deeper and offshore habitats. Pinfish density also varied yearly with the highest
density observed during the years 2009 and 2010; the observed increased in density during these
two years could be related to favorable oceanographic conditions, such as deep ocean forcing
which occurred during those two years.
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Density of Pinfish also varied spatially in Tampa Bay. The highest densities were found
in the Middle and Lower Bay regions, followed by Old Tampa Bay and the lowest density was
found in Hillsborough Bay. These differences may have resulted from a combination of
hydrological influences and habitat suitability. Lower Bay and Middle Bay regions are located
closer to the larval pool of Pinfish (offshore) in comparison to Old Tampa Bay and Hillsborough
Bay that are located the farthest. Tidal cycles might have had a higher influence in closer regions
since these are the first to receive Pinfish larvae supply. Water quality in the regions farthest to
the mouth of the bay (Old Tampa Bay and Hillsborough Bay) is usually considered lower in
comparison to the regions closer to the larval pool (Lower Bay and Middle Bay) due to nutrient
inputs from adjacent rivers, low water circulation in these regions and lower exchange of water
with the Gulf of Mexico (Lewis & Estevez 1958). Similarly, these farthest regions have
experienced higher seagrass loss over time. It is possible that these regions located farthest from
the Gulf (and consequently, larval pool) might not offer habitats with good quality for Pinfish to
settle and grow, thus, lower densities were observed.
The model that explained most of the variation observed in Pinfish density included as
variables: percent of submerged aquatic vegetation, salinity, and the two regions closest to the
mouth of the bay. Pinfish are one of the dominant fishes in vegetated habitats of the northeastern
Gulf of Mexico (Hansen 1970, Darcy 1985, Stallings & Koenig 2011, Nelson et al. 2013); their
association to these habitats is likely related to shelter and prey availability (Heck & Thoman
1981, Heck & Crowder1991, Harter & Heck 2006, Heck & Orth 2006). Therefore, this is
probably the reason why submerged aquatic vegetation was a relevant variable in the model.
Pinfish are reported in the literature to be found through a wide range of salinities. Some studies
have reported that Pinfish are not affected by salinity (Gunter 1945, Kilby 1955, Weinstein et al
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1982) but others have noted a salinity effect on their abundance (Cameron 1969, Wang & Raney
1971). In this study, the model found a correlation of higher densities of Pinfish in habitats with
higher salinity. These patterns might have been influenced by habitats with higher salinity being
closer to the Gulf of Mexico, which influences salinity and is also where the larval pool is
located. Salinity in the bay waters is usually determined by runoff and tides (Lewis 1988). In the
Lower Tampa Bay and Middle Bay, salinity is higher compared to the Old Tampa Bay and
Hillsborough Bay region that are fresher. This is likely the reason why, in the distance biplot, the
Lower Bay and Middle Bay regions were placed on the side of higher salinity and in the higher
percent of submerged aquatic vegetation. Temperature was not considered important in
explaining variation in Pinfish density. A previous study conducted in salt marshes in the Florida
Panhandle (Subrahmanyan and Drake 1975) found similar results and concluded that abundance
of Pinfish was usually correlated mostly with salinity than with temperature. The model only
explained ~24 % of the variance, therefore, it is important to notice that the remaining 76 %
could have been attributed to factors that I did not consider in my analysis such as water depth or
the favorable oceanographic conditions such as the ones observed in 2009 and 2010. Juvenile
Pinfish are usually found in shallow water and it is possible that depth could have been an
important variable to consider.
Standard length of Pinfish also varied across months within each year. With the exception
of the Lower Bay, standard lengths of Pinfish captured in the other regions were the smallest
during January and February. The Lower Bay exhibited a larger length in January compared to
the other regions, which was probably due to cohorts that settled late in the previous year and did
not undergo egress. Standard length of all regions then followed a steady increase throughout the
summer months and decreased during fall and winter. This change in standard length observed
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throughout the year is reflected in the sampling process; the observed population-level increase
in length during the spring and summer months is likely due to post-settlement growth. The later
decrease in standard length is possibly a result of larger (likely sexually mature) individuals
undergoing egress to offshore habitats in the fall and winter.
Length-frequency distributions showed that a high number of small sized Pinfish were
found in the beginning months of the year (January – April) especially in the Lower Bay and
Middle Bay regions. Similarly to the density patterns, this is reflecting settlement season in
Tampa Bay and is more pronounced in the regions closer to the mouth of the bay since they are
supplied with Pinfish larvae first. More Pinfish larvae settled in Old Tampa Bay than in
Hillsborough Bay likely due to hydrological and habitat suitability being more favorable in the
Old Tampa Bay region. The observed decrease in Pinfish numbers in May through August might
be due to mortality of post-settlement Pinfish occurring during this time period. The observed
increase in size during this time period is likely due to population-growth after settlement. The
continued gradual decrease in Pinfish number in September through December is likely
reflecting the progression of larger Pinfish migrating to offshore habitats. This also suggests that
migration of Pinfish to offshore habitats is a continuous and slow process and not an abrupt mass
event. The increase of Pinfish size during this time is most likely related to growth in order to
reach maturation. Wide variations in sizes were observed during this time period and could be
related to differences in growth rates or different cohorts that settled at different times. Previous
studies have found that differences in sizes of fish are usually related to growth rate differences
and presence of multiple cohorts (Hansen 1970). In December, two modes were observed in the
length-frequency distribution of Pinfish; the mode corresponding to smaller sized Pinfish
probably reflected new post-settled Pinfish and the mode of larger sized Pinfish reflected older
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individuals that had not yet migrated to offshore habitats. During this time period, higher
numbers of Pinfish were observed in the Lower Bay and Middle Bay likely to their proximity to
spawning grounds located offshore.
Biomass patterns were similar to density patterns. The higher biomass observed during
April through June could have reflected the months when most Pinfish have settled and are
experiencing post-settlement growth. Previous studies have reported that the period of fastest
growth in fishes occurs right after settlement in order for fishes to outgrow gape size of predators
(Caldwell 1957). Additionally, the observed biomass-peaks before egress season could be related
to Pinfish shifting energy allocation from fast growth into storage prior to their egress to
spawning grounds as it has been observed for other fishes with similar life histories (Stallings et
al. 2010). The higher biomass observed in the regions closest to the mouth of the bay were likely
influenced by more larvae settlement and also by the presence of larger individuals in these
regions as they start egressing to spawning grounds offshore.
In conducting a retrospective analysis of long-term (eight years) fisheries-independent
data my study is the first to carry a comprehensive (> 4 years) examination of Pinfish
populations in the eastern Gulf of Mexico and to involve the effects of seascape-level variation
in habitat on their dynamics. This study showed the importance of conducting analysis of
population dynamics over long periods of time involving multiple years of data collection. This
study also provided insights into how studying the ecology of abundant species can help us
understand how seascapes-scales can affect population-level patterns and processes. It was
observed in this study that temporal scales and the seascape of Tampa Bay influenced abundance
and biomass patterns of Pinfish and that variation in habitat characteristics through the seascape
especially percent of submerged aquatic vegetation and salinity were important factors
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influencing the patterns observed. Population-level growth and distribution varied through the
year and across regions. Tampa Bay is the largest estuary in the state of Florida where many
other fishes of commercially and economically importance live. Many other fishes have life
histories similar to Pinfish, where settlement over large spatial scales and egress to adult habitats
occur; It is possible that a similar approach to the one used in this study may be applied to them
which would allow for a better understanding of patterns and processes that would help inform
conservation and management efforts.
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TABLES AND FIGURES

Table 2.1 Catch statistics for Pinfish collected in four regions of Tampa Bay, Florida with a 21.3 m center-bag seine from January
2005 to December 2012. Catch per unit effort (CPUE; fish/seine) is reported as mean density. CPUEs with the same letter are not
signi
Bay region
Old Tampa Bay
Hillsborough Bay
Middle Bay
Lower Bay
Total

Number of
tows

Number of Pinfish

540
310
391
388
1629

15,682
6,293
24,505
19,052
65,532

CPUE (fish/seine)

Standard length (mm)
Mean ± SE
29.1 ± 0.13
28.1 ± 0.19
26.9 ± 0.09
33.4 ± 0.12

Median
56.8
50.5
41.6
50.6

Min
11
11
12
12

Max
158
163
172
159

Mean density
20.7 ab
14.5 a
44.8 b
35.1 b

SE
4.75
4.62
15.12
6.27

fican
tly
diffe
rent
from
each

other (posteriori permutation based multiple comparisons α = 0.05). Mean standard lengths in millimeters and CPUEs are presented
with standard errors (SE). Min = minimum, Max = maximum standard length.
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Table 2.2 Non-parametric one-way analysis of variance results for differences in Pinfish density
among four regions of Tampa Bay followed by pairwise comparisons. Values in bold indicate
significant differences at the level α < 0.05. OTB = Old Tampa Bay, HB = Hillsborough Bay,
MB = Middle Bay and LB = Lower Bay.

Source
Pinfish density

F
2.3404

p
0.044

t

p

OTB versus HB

0.87

0.3930

OTB versus MB

1.71

0.0570

OTB versus LB

1.85

0.0610

HB versus MB

1.73

0.0350

HB versus LB
MB versus LB

2.53
0.59

0.0120
0.6650

Residual
Total

df
3

SS
2.13 x 105

MS
71134

1,625

4.94 x 107

30393

1,628

7

4.96 x 10

Comparison*

* Pair-wise a posteriori tests of density among Tampa Bay regions.
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Table 2.3 Marginal tests for Akaike Information Criteria-based stepwise-forward selection of
sequential variable addition. RSS stands for residual sum of squares, R2 stands for adjusted
fraction of total variance explained, AIC stands for corrected Akaike Information Criteria and
wts stands for AIC weights.
AIC- based stepwise forward selection
Sequential variable addition
Variable
RSS
R2
AIC
wts
SAV
Salinity
LB
MB

1805.9
1774.3
1761.6
1756.6

0.2150
0.2283
0.2335
0.2350
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176.4
149.7
139.8
137.5

1.00
1.00
0.68
0.55

Old Tampa Bay
Hillsborough Bay

Middle Bay

High
High
High Bay
Middle

Lower Bay
AB

Low
High

Fig. 2.1. Locations of the four regions sampled in the Tampa Bay estuary: Old Tampa Bay
(OTB), Hillsborough Bay (HB), Middle Bay (MB) and Lower Bay (LB). Map of the state of
Florida (inset).
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Fig. 2.2. Mean Pinfish density ± standard error (A) during the months of the year and (B)
through the years 2005 to 2012.
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Fig. 2.3. Pinfish density ± standard error observed in the four different regions of Tampa Bay.
OTB = Old Tampa Bay, HB = Hillsborough Bay, MB = Middle Bay and LB = Lower Bay.
Density was calculated as the number of fish collected per 100 m2, values presented in the graph
represent averages over sites sampled in each region. Same letters represent no significant
difference.
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Axis 1
Fig. 2.4. Distance biplot to visualize the multiple regression model explaining the relationship
between Pinfish density and explanatory variables. Variables selected for the model were:
salinity, submerged aquatic vegetation and two regions of the bay (Middle Bay and Lower Bay).
The other two regions (Old Tampa Bay and Hillsborough Bay) were included for visualization
purposes but did not contribute to the variance explained by the model. OTB = Old Tampa Bay,
HB = Hillsborough Bay, MB = Middle Bay and LB = Lower Bay. SAV stands for submerged
aquatic vegetation and pinfish stands for density of Pinfish. Vectors pointing in the direction of
the response variable (Pinfish density) are positively correlated and explain a significant amount
of variation. Axis 1 explains the underlining gradient in Pinfish density while the jittered axis it’s
only used to create a vertical separation in the variables that otherwise would be stacked on top
of each other in the horizontal axis.
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Fig. 2.5. Monthly median standard lengths of Pinfish collected in four different regions of Tampa
Bay estuary. OTB = Old Tampa Bay, HB = Hillsborough Bay, MB = Middle Bay and LB =
Lower Bay.
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Fig. 2.6. Monthly length-frequency distributions for Pinfish in different regions of Tampa Bay, Florida. OTB = Old Tampa Bay, HB =
Hillsborough Bay, MB = Middle Bay and LB = Lower Bay. Y- axis scale changes from month to month in order to show densities
differences at lower values.
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Fig. 2.7. Average Pinfish biomass ± standard error calculated for the months of the year.
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Fig. 2.8. Pinfish biomass ± standard error calculated for the different regions of Tampa Bay.
OTB = Old Tampa Bay, HB = Hillsborough Bay, MB = Middle Bay and LB = Lower Bay.
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CHAPTER THREE:
DISENTANGLING LOCAL- AND SEASCAPE- SCALE EFFECTS OF HABITAT ON
PREDATOR-PREY INTERACTIONS

ABSTRACT
Predator-prey interactions can be influenced by habitat at different spatial scales. In
seagrass systems, blade density can provide prey refugia at local scales, which are further
embedded within the seascape-scale effect of turbidity. Local-scale effects of seagrass habitats
on predator-prey interactions involving invertebrates have been well-studied while less is known
about its effects on fishes. Similarly, the role of seascape-scale effects of turbidity on fishes has
been largely overlooked. I conducted a field experiment in Tampa Bay, Florida, USA to examine
and separate the effects of habitat across these local and seascape scales on the relative predation
rates of tethered Pinfish (Lagodon rhomboides). I used artificial seagrass units (ASUs) at three
levels of blade density and deployed them in sites with different turbidities. Predation rates on
Pinfish decreased with increased local habitat complexity but only after a threshold of seagrass
blade density was reached. The effects of blade density in reducing predation was consistent
between turbidity levels, and mortality was higher in less turbid (more clear) waters. Using
controlled laboratory experiments, I found that Pinfish reduced their activity levels in more
turbid waters as well as in response to the presence of a common predator in both low and high
turbidities. Thus, predation rates were influenced by the combined effects of refugia (local-scale)
and vigilance (seascape-scale) of prey as well as detection by predators (both scales). This study
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demonstrates the strong influence habitat can have at different spatial scales in mediating
predator-prey interactions of mobile species in estuarine environments.

INTRODUCTION
Ecologists have long recognized the important role that habitat plays in predator-prey
interactions. Indeed, in benthic marine environments, structurally-complex habitats have been
shown to mediate ecological processes such as predation at local scales (Stoner & Lewis 1985,
Wahle & Steneck 1991, Pirtle et al. 2012). Complex habitats can provide refugia that prevent
predators from physically reaching prey or they can also decrease encounter rates between
predators and prey, therefore, reducing predation risk for many marine organisms (Beukers &
Jones 1998). This has been observed in different marine and aquatic ecosystems such as coral
reefs (Noonan et al. 2012), littoral zones of lakes (Crowder & Cooper 1982, Savino & Stein
1982), oyster reefs (Grabowski 2004) and rocky intertidal habitats (Coull & Wells 1983) where
predation rates are affected by increased habitat complexity.
Seagrass beds structure shallow marine habitats and soft bottoms in estuarine
environments worldwide (Hemminga & Duarte 2000, Hovel & Fonseca 2005) and can provide
food and protection to many marine organisms that reside in, or are linked to, the habitat at some
stage of their life (Irlandi 1994, Murphey & Fonseca 1995, Irlandi 1997, Hovel & Fonseca
2005). Previous studies in seagrass habitats have shown that, at relatively local spatial scales, the
survival of organisms varies with the presence, density, surface area or biomass of seagrass
blades (Heck & Crowder 1991, Orth 1992, Irlandi 1994, Hovel & Fonseca 2005) . Despite the
extensive literature emphasizing these results, most studies have been conducted in either
laboratory-controlled settings or have mainly focused on invertebrates when conducted in the
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field (Heck & Thoman 1981, Orth et al. 1984, Main 1987, Gotceitas 1990, Heck & Crowder
1991, Hovel & Lipcius 2002, Heck et al. 2003, Canion & Heck 2009). Fewer studies (e.g.,
Horinouchi 2007a, Hammerschlag et al. 2010) have evaluated how variability in seagrass
complexity can influence survival of mobile vertebrates such as fish, even though a vast number
of fishes use these habitats. The few studies that have investigated how seagrass complexity
influences survival of fishes have found contrasting results. For example, some have found that
predator effectiveness can decrease promptly after habitat complexity reaches a threshold
(Gotceitas 1990, Harris et al. 2004), while others have proposed a continuous linear relationship
between the two (Harris et al. 2004) and still others have found no difference in prey mortality
between habitat types (Laurel & Brown 2006, Horinouchi 2007b). Therefore, how seagrass
complexity may influence survival of mobile fishes has remained contextual and further in situ
research is needed to better understand generalities.
Species interactions, including predation, occur at local scales, which are further
embedded within larger landscape-level scales. Although terrestrial ecologists have long
recognized the influence of habitat at multiple spatial scales on population and community
patterns and processes, marine ecologists have only recently begun to apply the landscape
approach, termed seascapes in marine environments (Robbins & Bell 1994, Bell et al. 2006).
Seagrass beds are ideal for embracing a seascape perspective since they cover extensive areas of
coastal habitats (Bell et al. 2006) and support an abundant and diverse community of fishes and
invertebrates (Gillanders 2006). Studies evaluating how seascape-level factors influence survival
of organisms in seagrass habitats have mainly focused on assessing responses to features such as
patchiness, fragmentation, habitat configuration, and the proximity and connectivity to other
habitats (Bell & Hicks 1991, Bell et al. 2001, Healey & Hovel 2004, Bell et al. 2006, Heck &
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Orth 2006, Larkum et al. 2006, Carroll & Peterson 2013). These studies have advanced our
understanding for how such features can structure predator-prey dynamics, however, other
abiotic factors that also vary over large spatial scales such as turbidity, have remained relatively
unexplored.
In coastal ecosystems such as estuaries, water turbidity varies seasonally with wind,
waves, tidal currents, with riverine transport of terrestrial materials and with urbanization of
watersheds (Chen et al. 2007, Moreno et al. 2012). Turbidity can affect light penetration to the
benthic environments where seagrasses exist (Chen et al. 2007) and may influence the ability of
mobile organisms, especially those that rely on vision, to detect predators and assess risk (Main
1987, Ferrari et al. 2010). Indeed, high levels of turbidity can impair habitat choice, foraging
success, and predator avoidance in other benthic habitats such as coral reefs (Beukers & Jones
1998, Wenger et al. 2011, Wenger et al. 2013). Studies conducted in estuarine environments of
Australia and South Africa have reported that turbidity can play a significant role in the
distribution of juvenile marine fishes (Blaber & Blaber 1980, Cyrus & Blaber 1987a, 1987b,
1987c, 1992). Despite the recognition that turbidity can be highly variable (in space and time) in
estuarine environments, much remains to be understood about its effects on predator-prey
interactions.
My goal in this study was to separate the local-scale effects of seagrass complexity (via
blade density) from the seascape-scale effects of turbidity on predation rates of a common
marine fish. Specifically, I used a field experiment to examine the relative predation rates on
Pinfish (Lagodon rhomboides; Family Sparidae) in different densities of seagrass cross-factored
with distinct sections of a large estuary that varied in turbidity. I also examined the behavioral
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responses of Pinfish to predation risk under different levels of turbidity in a controlled laboratory
experiment to gain insight on potential mechanisms affecting predation rates in the field.

MATERIALS AND METHODS
Study organism
The Pinfish inhabits coastal waters from the Yucatan Peninsula of Mexico eastward
through the Gulf of Mexico, to Florida and up to Massachusetts, USA (Hoese & Moore 1977,
Darcy 1985, Nelson 2002, Harter & Heck 2006). Pinfish are an ecologically important species
for a variety of reasons. They are the most abundant vertebrate found in seagrass beds of the
northeastern Gulf of Mexico (Stallings & Koenig 2011, Nelson et al. 2013). Juveniles feed on a
range of invertebrates influencing entire assemblages of benthic macrofauna (Young et al. 1976,
Young & Young 1977, Nelson 1978, Stoner 1980, Nelson 2002). Pinfish are an important link
between primary and secondary production due to their consumption of plant matter (Stoner
1982, Weinstein et al. 1982, Nelson 2002) and also because both young and adult are preyed
upon by other fishes (Seaman & Collins 1983, Nelson 2002, Stallings 2010, Stallings et al. 2010)
serving as a potential linkage to offshore food webs (Nelson et al. 2013).
In Florida, adult Pinfish spawn in offshore waters from the late fall season to early winter
and have peak larval settlement in February and March (Tabb & Manning 1961). Post-larval
Pinfish settle in a variety of habitats including shallow and vegetated flats located in estuaries
where juveniles remain most of their first year. These vegetated flats (mostly composed of
seagrass beds) are nearshore habitats often located in estuarine environments, where water
turbidity is highly variable. Curiously, Pinfish rely on vision for feeding and possibly avoiding
their predators (Kjelson & Johnson 1976, Luczkovich 1988), yet are found at high densities in
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seagrass habitats embedded across a wide range of turbidity levels (Stallings & Koenig 2011).
This phenomenon presents a unique scenario to investigate both the effects of complexity and
turbidity of seagrass habitats on the mortality of an ecological important species.
Study site
This study was conducted in Tampa Bay, Florida, USA (Fig. 3.1), during the months of
July to September 2013. Tampa Bay is a large, open-water estuary with a surface area of ~1000
km2 and mean water depth of ~4.0 m (Chen et al. 2006). During the summer months, Tampa Bay
generally experiences a turbidity gradient with high levels in the upper and middle sections of
the bay (3.64 ± 0.06 Nephelometric Turbidity Units; NTU) and low levels in the lower bay (2.13
± 0.06 NTU, Fig. 2, 2000-2009 data obtained from Environmental Protection Commission of
Hillsborough County (EPCHC)). The gradient is influenced by the combined effects of high
levels of summer precipitation, river runoff containing pollutants, nutrients, dredged materials,
and organic tannic acids (Johansson 1991, Janicki & Wade 1996, Schmidt & Luther 2002,
Morrison et al. 2006) and different exchange rates with the Gulf of Mexico from flushing
(Schmidt & Luther 2006).
Two sections of the bay were selected for this study, the middle-west and south-west,
which I hereafter refer as “middle bay” and “lower bay” respectively, for simplicity. In situ
tethering experiments were deployed in both sections in seagrass beds with continuous seagrass
cover with an average turbidity of 3.25 NTU in the middle bay and 2.2 NTU in the lower bay.
Experimental design
I used an orthogonally-designed field experiment to test whether Pinfish experienced
different predation rates under different habitat complexities (via three blade densities) crossfactored with a turbidity gradient. I used artificial seagrass units (ASUs) to control for the density
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of seagrass blades, which were constructed on plastic mesh (0.5 m x 0.5 m squares) with 1500
shoots m2 (high), 600 shoots m2 (medium) and 0 shoots per 0.5 m2 (low); these values were
meant to simulate Thalassia testudinum densities found in the Tampa Bay area (Meyer & Bell
2010). Each shoot was composed of two 30 cm long blades made with 1 cm wide green
polypropylene ribbon. Pinfish used for the study were collected using seine and cast nets. All
fishes other than the study species were released immediately upon capture. Pinfish (size range
SL: 50 – 80 mm) were tethered using a 0.5 m microfilament braided line (40 lb test) connected to
a 2 m long microfilament braided line attached to the center of the ASU. A small plastic float
was attached on the other end of the 2 m braided line to keep it vertical in the water column.
During each tethering event, fifteen plots were deployed with five replicates of each
blade density (high, medium, low) randomly arranged at the seagrass edges to avoid potential
confounding effects of predation differences between edge and interior locations (Peterson et al.
2001). Deployments were always positioned at the shoreward edge to avoid potential predation
differences due to variation in fish abundances known to occur at shoreward versus seaward
edges (Smith et al. 2008).
The deployment of the ASUs required three steps. First, the plot was fixed to the
substrate with metal stakes (one in each corner) on the edge of the natural and continuous
seagrass bed, allowing the plastic float to sit at the surface. Second, the tether line was secured to
a Pinfish by threading it through the mouth and out of the operculum to form a loose loop
forward of its snout. This same approach was previously used to tether Pinfish in Biscayne Bay,
Florida, USA (Hammerschlag et al. 2010) and is advantageous over more invasive methods (e.g.,
running tether through soma) as it minimizes tissue damage and the release of body fluids, which
could increase detection by predators. Last, the tether was secured to the centerline using a lose
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loop, allowing Pinfish to easily move in a vertical cylinder with a radius of 0.5 m. Although
tethering studies cannot produce estimates of absolute mortality rates, given the potential
artifacts of the approach, they are powerful tools for comparing relative mortality among
experimental treatments. Pilot trials were video recorded and analyzed for potential alterations of
Pinfish behavior caused by tethering and artificial seagrass units. Pinfish swimming behavior
was not altered; they readily swam both horizontally (in and out of artificial seagrass) and
vertically (through the water column). In addition, I did not observe any losses due to Pinfish
breaking free from the tether during the five pilot trials that were each recorded for one hour.
Therefore, I assumed that any losses in tethered fish were attributed to predation events.
During a series of pilot trials, deployments were run for 1.5 hrs, 3 hrs, 4.5 hrs and 24 hrs
to determine optimal experimental time. The 24-hr trials had the highest tether losses compared
to the other experimental times tested. However, since turbidity was one of the factors I was
interested in examining, trials were conducted during both day and night to avoid confounding
effects between darkness and turbidity.
Trials were replicated a minimum of 15 times for each ASU density * turbidity
combination, with one tethered fish per individual trial. Trials were conducted during both
diurnal and nocturnal periods, each lasting 10 hours. Nocturnal deployments included both
sunset and sunrise crepuscular periods. As the tethers were retrieved after the experimental
deployments, the absence of the Pinfish or the presence of an injured fish was counted as a
predation event.
Behavioral experiment
In addition to the field experiment, I also examined the behavioral responses of Pinfish to
predation risk from visual cues of a common predator under different levels of turbidity in
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controlled laboratory trials. Turbidity treatments were prepared by mixing artificial seawater
(ASW; from Instant Ocean ® Sea Salt product) with Kaolin powder clay in trial tanks. Two
turbidity treatments were produced: low (0 grams Kaolin per liter) and high (0.13 grams Kaolin
per liter). The low turbidity treatment was meant to simulate areas where water turbidity is the
lowest in Tampa Bay (e.g., lower bay) while high turbidity treatments are comparable to that
observed in the upper and middle sections of the bay. After the turbidity preparation, individual
Pinfish (size range SL: 56 – 90 mm) were moved into the trial tanks for a 1-hr acclimation
period.
Behavioral observations were completed in 38 l tanks filled with 19 l ASW. I placed a 15
cm x 9 cm plot of artificial seagrass in the center of the tank for shelter and scattered food pellets
across the bottom to encourage foraging. A grid with dimensions 5 cm x 5 cm was placed under
the trial tanks to provide a framework for measuring activity level, recorded as the number of
times the experimental Pinfish crossed a line of the grid per minute. Trials were recorded with a
downward-looking video camera to reduce observer effects on fish behavior.
I conducted 70 10-minute trials to measure Pinfish behavior between the low (n = 35) and
high (n = 35) turbidity treatments in the absence of any visual cues. I then conducted an
orthogonal experiment crossing turbidity (low vs. high) and visual cues from another fish
(predator vs. non-predator control). Preparation of visual cues consisted of placing either the
piscivorous Spotted Seatrout (Cynoscion nebulosus; size range SL: 230 – 310 mm) or a large
Pinfish as a control (SL: 140 – 150 mm) into a separate tank adjacent to the trial tank prior the
start of the experiment. The control Pinfish was used as non-predatory species to control for the
presence of another fish and the size was meant to match as close as possible the size of the
experimental predators. A black barrier was placed between the trial tank and the one containing
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the predator or visual control. After a 10-minute observational period, the barrier was removed
allowing the experimental Pinfish to see the fish in the neighboring tank with the visual cue.
Observations of activity level were recorded for 10 additional minutes after the barrier was
removed. A total of 24 20-minute trials were completed (6 for each turbidity * visual cue
combination).
Data analysis
Differences in mortality rates were compared separately across 1) seagrass density (three
levels), 2) turbidity (two levels), and 3) the diel cycle (two levels) using non-parametric one-way
analysis of variance (npANOVA). Pair-wise comparisons were included for the tests involving
seagrass densities. For all analyses, a dissimilarity matrix was produced for the response variable
(mortality) based on Euclidean distance using Fathom toolbox for Matlab (Jones 2014). Twoway npANOVAs were conducted to test for the interactions between seagrass density with both
turbidity and diel effects on mortality. Level of significance for all tests was based on an alpha
value of 0.05.
Because differences in the predator communities between study sites could influence the
relative mortality rates of Pinfish, I examined predator community data collected by the Florida
Fish and Wildlife Conservation Commission, Fish and Wildlife Research Institute. The state
agency’s Fishery Independent Monitoring Program (FIM) conducts sampling trips each month
throughout Tampa Bay (and other locations in Florida) using a variety of towed net gears (e.g.,
seines, otter trawls) and thus can provide the most extensive database for determining spatial
dynamics in the communities of Pinfish predators. I used a non-parametric one-way analysis of
variance to determine whether species richness and density of predators differed between study
sites. Dissimilarity matrices were calculated for the response variables (species richness and
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density of predators) separately based on Euclidean distance using the Fathom toolbox for
Matlab (Jones 2014).
For the controlled laboratory experiments, line crosses per minute measured between
turbidity levels were compared using a two-sample t-test. Additionally, line crosses per minute
before and after the visual stimuli were compared using a paired t-test. Data were log
transformed to meet the assumption of homoscedasticity and level of significance for all tests
was based on an alpha value of 0.05.

RESULTS
In total, 276 tethering deployments were conducted across middle and lower sections of
the bay (Table 3.1). There was a significant effect of seagrass density on relative mortality rates
of Pinfish (F(2, 56) = 5.45, p = 0.0058, Table 3.2). The posteriori, permutation-based, pair-wise
comparisons indicated that the relative mortality rates in low and medium density plots of
seagrass were not statistically different from each other (t = 0.09, p = 0.9250, Table 3.2).
However, relative mortality rates in seagrass plots with high-density blades were lower than
those with both low (t = 2.94, p = 0.0056, Table 3.2) and medium seagrass density (t = 2.78, p =
0.0112, Fig. 3.3, Table 3.2).
Relative mortality was higher for deployments made at the sites with lower turbidity (F(1,
57)

= 26.98, p = 0.0002, Fig. 3.4, Table 3.3) and during nocturnal periods (F(1, 57) = 18.39, p =

0.0002, Fig. 3.5, Table 3.3). The effect of seagrass density was not contingent upon either
turbidity (F(2, 53) 0.68, p = 0.4912, Table 3.3) or time of the day (F(2, 53) = 0.74, p = 0.4672, Table
3.3).
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A total of 1,971 piscivorous fishes were observed, comprising 20 species, in the mid bay
compared to 1,145 individuals and 21 species in the lower bay. No significant difference in the
predator communities were observed between the two study sites for either species richness (F(1,
370)

= 0.36, p = 0.6140, Fig. 3.6A) or density (F(1, 370) = 0.63, p = 0.6710, Fig. 3.6B).
In the behavioral study, a significant reduction of movement was observed after the

predator visual cue was presented in both turbidity treatments (low t5 = 2.64, p = 0.046 and high
t5 = 2.81, p = 0.038, Fig. 3.7) but no change was observed in the control treatments (low t5 =
1.58, p = 0.175 and high t5 = 1.27, p = 0.260). Additionally, we noticed that Pinfish in the high
turbidity trials tended to associate more closely with the ASU, reducing their activity levels
compared to clear trials (t67 = 2.67, p = 0.0095).

DISCUSSION
By examining the local- and seascape- scale effects of seagrass habitats on mediating the
predation rates of Pinfish, a mobile species, my work addresses a critical gap in our
understanding of the potential individual and synergistic effects of how habitat can influence
important ecological processes at different spatial scales. Using an experimental approach in the
field, I observed that predation rates differed strongly among treatment levels at both scales of
habitat and that the effects of the embedded scale (blade density) was consistent between the
seascape-scale effects of turbidity. Additionally, through laboratory experiments I observed that
Pinfish altered their behavior by becoming more vigilant when water clarity was reduced and
when they detected the presence of a common predator.
At local scales in seagrass habitats, relative predation rates of Pinfish were lowest on
ASU plots with a high density of seagrass blades, consistent with previous studies using
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invertebrate macrofauna as prey and fishes as predators (Nelson 1979, Heck & Thoman 1981,
Stoner 1982, Orth et al. 1984, Heck and Crowder 1991, Beukers & Jones 1998, Hovel & Lipcius
2002, Heck et al. 2003). Thus, increased density of seagrass blades appeared to have provided
Pinfish with protection from their predators. My study is among the few examining fish
predator-prey interactions in seagrass habitats. Interestingly, predation rates were equally high in
low and medium complexity habitats, suggesting that the presence alone of seagrass blades was
not enough to provide protection. These results are consistent with studies that have previously
found complexity thresholds, rather than linear responses (Gotceitas 1990, Harris et al. 2004). In
their examination of foraging efficiency of 3-year old Atlantic Cod (Gadus morhua) on age 0
cod, Gotceitas et al. (1997) found similar results in that there was no difference in mortality
between the lower densities of seagrass patches but a significant reduction in mortality existed
when compared to the densest patches. Harris et al. (2004) found that the mortality of three prey
fishes in different densities of Zostera marina declined at a low-blade density threshold and did
not decrease more with higher densities of the seagrass. However, others have found mortality to
either decrease in a linear manner or have no relationship with increased seagrass complexity
(e.g., Harris et al. 2004, Horinouchi 2007b). Horinouchi (2007a) brings up an important point
that studies showing decreasing predation rates with increasing seagrass complexity have been
primarily conducted in laboratory conditions and employed predators with chase-and-attack
foraging tactics. My study was conducted in the field, thereby exposing experimental Pinfish to
the natural suite of predators that would normally prey upon them.
I also observed higher predation in the lower bay compared to the middle bay. In contrast
to the few studies examining the effects of seagrass habitats on predator-prey interactions among
fishes, my study was not limited to predators with specific foraging tactics, such as those used in
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controlled laboratory studies. Indeed, there was a diverse suite of predators at both sites that did
not differ in terms of either richness or density (Fig 3.6), therefore, reducing the possibility that
the observed mortality rates were a response to differences in the predator communities. Thus,
assuming an equal predation threat due to the observed similarities in these communities
between sites, differences in observed predation rates appear to have been related to differences
in turbidity levels. Increased turbidity may interfere with the foraging efficiency of predators by
making it more difficult for them to locate their prey. Additionally, Pinfish responded to the
presence of a predator by reducing their activity levels under different turbidity levels in the
laboratory. Moreover, Pinfish used artificial seagrass as shelter more frequently in the laboratory
trials with turbid water. Thus, reduced in situ predation in the middle bay where the water was
more turbid may have been due to the combined results of lower detection by predators and more
vigilant behaviors by Pinfish. It would be interesting to test whether Pinfish from the different
turbidity sections in the bay have different growth rates due to their time spent in closer
association with seagrass.
Additionally, I tested for diel differences in relative predation rates of L. rhomboides in
seagrass beds. Predation rates were higher at night than during the day, contrary to the notion
that darkness might offer protection from predators (Rooker & Dennis 1991). However, my night
trials included dawn and dusk periods, where crepuscular predators can have a visual advantage
over prey due to their adequate sensitivity and sufficient resolution for motion detection (Munz
& McFarland 1973). It is possible that the observed higher losses during the night trials
compared to those conducted during the day may have been a response of this predatory visual
advantage. These results concur with another study, in which predation rates on Pinfish were
found to be higher at night near seagrass areas (Hammerschlag et al. 2010).
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Sediment and turbidity have been shown to change fish community structures in other
aquatic ecosystems, such as lakes (Swenson 1978) and estuaries (Cyrus & Blaber 1987b, 1987c).
Positive correlations between juvenile fish abundance and turbidity have been proposed to be
related to increased prey availability (e.g., higher zooplankton biomass in turbid waters) or
decreased detection by predators reducing mortality rates (Blaber & Blaber 1980). My study in
Tampa Bay supports the latter hypothesis, given that we observed higher survival of Pinfish in
the more turbid section of the bay. It would be interesting to examine whether other fishes
respond similarly to turbidity in order to advance our understanding on how predator-prey
relationships might be influenced by variation in water clarity in estuarine environments.
This study provides evidence that even highly turbid seagrass environments can hold
important refuge value for an ecologically-important species. Although eutrophication can be a
major cause of seagrass disappearance (Burkholder et al. 2007), moderate nutrient input (usually
correlated with higher turbidity) can stimulate algal growth as epiphytes, which can support
secondary productivity. Embracing the nursery function (e.g., Beck et al. 2001, Dahlgren et al.
2006), it is possible that more turbid (to some extent) seagrass habitats could contribute more
recruits to the adult population, via increased growth rates due to high secondary production or
reduced mortality rates (as observed in this study). I am not implying that low turbidity seagrass
habitats are less essential but emphasize the importance of accounting for these more turbid
habitats that may be considered less “aesthetically” appealing by some.
In this study I determined that, both local-scale effects of seagrass blade density as well
as seascape-scale effects of turbidity, can influence relative predation rates of Pinfish. Seagrass
habitats support a great abundance and diversity of fishes and invertebrates, and I hope this study
will serve as a baseline for continuing investigations on how these and other effects of habitat
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may mediate predator-prey interactions across different spatial scales. Extensive declines in the
presence and abundance of seagrass habitats have occurred worldwide in recent years, often with
associated changes in both blade densities and turbidity levels (Shepard et al. 1989, Hauxwell et
al. 2003, Orth et al. 2006, Horinouchi 2007b, Waycott et al. 2009). Different species will likely
experience positive, negative and null effects in response to the continuing and often accelerating
changes to coastal marine ecosystems, often in response to anthropogenic activities (Jackson et
al. 2001). Thus, there is a need to better understand generalities to allow for a more predictive
framework that can be used to inform conservation and management efforts.
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TABLES AND FIGURES
Table 3.1 Number of tethering trials conducted at both study sites and by diel period.

Study site

Day

Night

Total

Mid Bay

65

73

138

Lower Bay

73

65

138

Total

138

138

276

57

Table 3.2 Non-parametric one-way analysis of variance results for the effect of seagrass density
(low, medium and high) on the relative mortality rates of Pinfish. Values in bold indicate
significant differences at the level α < 0.05.

Source
Seagrass density

df
2

SS
1.5042

MS
0.7521

F
5.4503

p
0.0058

Residual

56

7.7274

0.1380

Total

58

9.2316
t

p

Low versus medium

0.92

0.9250

Low versus high

2.94

0.0056

Medium versus high

2.79

0.0112

Comparison*

* Pair-wise a posteriori tests among seagrass densities treatments.
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Table 3.3 Non-parametric one-way and two-way analysis of variance tests for main effects and
interactions between seagrass density with both turbidity and diel effects on relative mortality
rates of Pinfish. Values in bold indicate significant differences.

Source

df

SS

MS

F

p

Turbidity

1

2.9662

2.9662

26.9855

0.0002

Residual

57

6.2654

0.1099

Total

58

9.2316

Diel

1

2.2528

2.2528

18.3995

0.0002

Residual

57

6.9789

0.1224

Total

58

9.2313

Seagrass density

2

1.5042

0.7521

8.5884

0.0008

Turbidity

1

2.9662

2.9662

33.8723

0.0002

Seagrass density
X Turbidity
Residual

2

0.1200

0.0600

0.6849

0.4912

53

4.6413

0.0876

Total

58

9.2316

Seagrass density

2

1.5042

0.7521

7.4863

0.0024

Diel

1

2.2528

2.2528

22.4240

0.0002

Seagrass density
X Diel
Residual

2

0.1502

0.0751

0.7475

0.4672

53

5.3245

0.1005

Total

58

9.2316
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Fig. 3.1. Map of Tampa Bay, Florida, USA, showing the general turbidity gradient and location
of study sites.
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Fig. 3.2. Mean ± standard error turbidity values for July through September (2000-2009). Data
were provided by the Environmental Protection Commission of Hillsborough County’s (EPCHC)
Tampa Bay water quality monitoring program.
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Fig. 3.3. Mean ± standard error relative predation rates of Pinfish across the three blade densities
of seagrass.
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Fig. 3.4. Mean ± standard error relative predation rates of Pinfish between two sections of the
bay, which varied in turbidity.
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Fig. 3.5. Mean ± standard error relative predation rates of Pinfish in day versus night
deployments.

64

Species richness ± SEM

2.35

(A)

2.30
2.25
2.20
2.15
2.10
2.05
2.00
24

(B)

Lower Bay

Mid Bay

Lower Bay

Mid Bay

Density ± SEM

23
22
21
20
19
18
17

Low$

High$
Turbidity$

Fig. 3.6. Mean species richness ± standard error per sample tow (A) and mean density of Pinfish
predators per hectare ± standard error (B) in the two sections of the bay where tethering studies
were conducted.
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Fig. 3.7. Activity level of Pinfish in two turbidity levels (inset) and in before (pre) and after
(post) the presence of the visual cue of predatory Spotted Seatrout in the two turbidity
treatments. In the inset clear refers to those trials conducted in low turbidity and turbid for those
trials conducted in the turbid water. Line crosses refer to how many lines of the grid (placed
under the tank), the Pinfish crossed per minute, reflecting activity levels.
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CHAPTER FOUR:
GENERAL CONCLUSIONS

The research presented in this thesis demonstrates the importance of considering the use
of multiple scales in the study of marine ecology. Patterns of size, density, and distribution of
Pinfish varied at both spatial and temporal scales and these patterns seemed to be influenced by
environmental factors. Additionally, my research showed that ecological processes such as
predation can be influenced by habitat effects at both local and seascape scales.
In Chapter Two, I provided insights into how studying the ecology of abundant species
can help us understand how seascapes-scales can affect population-level patterns and processes.
This study showed that temporal scales and the seascape of Tampa Bay influenced abundance
and biomass patterns of Pinfish and that variation in habitat characteristics through the seascape
especially percent of submerged aquatic vegetation and salinity were important factors
influencing the patterns observed. Population-level growth and distribution varied temporally
and spatially within the seascape context of Tampa Bay. It is important to mention that FWRI
also samples the Tampa Bay estuary with a larger seine net, which could sample more efficiently
larger and older Pinfish. This could indicate that I could have under estimated the number of
larger sized Pinfish in the bay. However, comparisons to previous published literature suggest
that my results reflect fairly well the life history of the Pinfish and if I underestimated the
numbers, relationships observed would still be the same. Further effort will be put into
estimating mortality by fitting an exponential curve to the length data collected. Then this
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estimation could be compared to the mortality calculation obtained in chapter three in order to
come up with a potential estimation of migration rates of Pinfish.
In Chapter Three, I found that seagrass habitat characteristics at different scales could
influence predator-prey interactions by affecting mortality rates of Pinfish. Predation rates on
Pinfish decreased with increased local habitat complexity (via blade density of seagrass) but only
after a threshold of seagrass blade density was reached. The effects of blade density in reducing
predation were consistent between turbidity levels, and mortality was higher in less turbid (more
clear) waters. In addition I also found that Pinfish reduced their activity levels and were more
associated with an artificial seagrass unit in more turbid waters as well as in response to the
presence of a common predator in both low and high turbidities. This study also importantly
showed that seagrass habitats in more turbid waters also offer important refuge value for
commercially important species and can be important nursery habitats by reducing predation
rates.
In these studies I have demonstrated the importance of studying ecology at multiple
scales. The first study showed how population dynamics of an abundant and ecologically
important species can be influenced by both seascape and temporal scales. The second study
provided evidence of how habitat plays a role in structuring predator-prey interactions at both
local and seascape scales. Both studies also provided evidence of the important ecological value
seagrass habitats in Tampa Bay have as effective juvenile habitats. Seagrass habitats with
different blade densities can provide shelter for mobile species such as fish, as was the case with
Pinfish. Seagrass habitats in varying turbidity are also ecologically important and can reduce
predation for juvenile fish by potentially reducing prey detection. The Tampa Bay estuary is the
largest estuary in Florida where many commercially and recreationally important species live; it

68

is possible that by applying the approaches conducted in this thesis to the study of other fishes,
important information might be revealed on patterns and processes that can help inform
management and conservation.
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